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Language-Related White-Matter-Tract Deficits
in Children with Benign Epilepsy
with Centrotemporal Spikes: A Retrospective Study
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Background and Purpose Benign epilepsy with centrotemporal spikes (BECTS) is one of
the most common pediatric epilepsies, and it generally has a good prognosis. However, recent
research has indicated that the epileptic activity of BECTS can cause cognitive defects such as

Sun Jun Kim**! language, visuospatial, and auditory verbal memory deficits. This study assessed language-de-
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Conclusions It appears that BECTS patients can exhibit language deficits. Seizure activities of
BECTS could alter DTI scalar values in the language-related white-matter tracts.
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INTRODUCTION

Benign epilepsy with centrotemporal spikes (BECTS) is one of the most common pediat-
ric epilepsies and is well known to generally have a good prognosis. However, recent re-
search has indicated that the epileptic activity of BECTS causes cognitive problems such as
visuospatial and auditory verbal memory deficits,' and especially language dysfunction.”

Various fundamental mechanisms have been proposed for the language dysfunction in
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rior longitudinal fasciculus (ILF), and inferior fronto-oc-
cipital fasciculus.

Diftusion-tensor magnetic resonance imaging (DTI) can
be employed to study neural fiber tracts in human subjects,’
and has been used to evaluate pediatric psychiatric diseases
such as autism and attention deficit hyperactivity disorder
(ADHD).”® The white-matter fibers associated with language
have recently been studied using DT’

Neuroimaging studies using MRI have been performed for
BECTS. Cognitive and behavioral deficits in BECTS are asso-
ciated with the decreased volume of the frontal lobes.” Further-
more, recent DTI studies of epilepsy have detected white-mat-
ter deficits.”” DTI showed a decrease in fractional anisotropy
(FA) values—one of the DTT scalar values—at the focus of sei-
zures in BECTS." DTI data can be analyzed using two meth-
ods: tract-based analysis and voxel-based analysis. Voxel-based
analysis assesses an image of the white matter based on voxel
stepwise locations, whereas tract-based analysis extracts the
region of interest from the seed to the target-region tract."> Al-
though voxel-based analysis can be used to identify abnor-
mal areas, deficits of white-matter tracts cannot be identified.
Conversely, tract-based analysis can identify abnormal white-
matter tracts more precisely.”> Although studies have used
voxel-based analysis to describe the defective areas of the brain
in patients with BECTS, studies of the white-matter tracts
have not yet been conducted.'*"

This study identified deficits in the language-associated
white-matter tracts in BECTS patients using DTL.

METHODS

Participants
BECTS patients were selected according to the International
League Against Epilepsy criteria and age-matched controls.
This study was approved by the Institutional Review Board of
Chonbuk National Hospital (Approval No. CUH 2017-06-
030-002), and all participants provided informed consent.
The included BECTS patients had been newly diagnosed
from January 2013 to December 2016 at Chonbuk National
Hospital. For seizure evaluation, all patients underwent T1-
weighted MRI and DTT studies, and also EEG within 2 days
after the first seizure. EEG was performed for 30 min with
the placement of electrodes in accordance with the interna-
tional 10-20 system.'® Patients were excluded if they had neu-
rological defects or other types of epilepsy, or were taking
medications that could influence language function. Antiepi-
leptic drug administration was started within 72 h after the first
seizure symptom once all of the evaluations had been per-
formed. All participants completed a language test and the
Edinburgh Handedness Inventory (EHI), which is used to as-
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sess the dominant hand."”

Age-matched control participants (who all lived in Jeonbuk
province) were retrospectively included in this study. They
were matched for age to within 5 months and for the domi-
nant hand in the EHI. They had visited Chonbuk National
Hospital due to mild headache (score of <2 on a numeric rat-
ing scale ranging from 0) during the same period as the BECTS
group. They were not diagnosed with any headache-associ-
ated diseases such as migraine or tension-type headache. The
inclusion criteria were no history of neurological or psychiatric
diseases that could influence brain images, such as ADHD or
other types of epilepsy. All subjects spoke Korean with their
family, and none of them were bilingual. They had normal
EEG findings, and had no family history of seizures.

Language tests were conducted by one speech therapist and
consisted of the Korean version of the Receptive and Ex-
pressive Vocabulary Test (REVT-K), Test of Problem-Solving
Abilities (TOPS), and the mean length of utterance in words
(MLU-w).

Magnetic resonance imaging

Data acquisition

All MRI data were acquired using a 3-tesla scanner (MAG-
NETOM Skyra, Siemens Healthcare, Erlangen, Germany) at
Chonbuk National Hospital. To decrease movements during
the test, sedation was performed using chloral hydrate (50
mg/kg) once or twice at 30 min before the test in all partici-
pants. Three-dimensional T1-weighted MRI images were ori-
ented in the sagittal plane [TR=1,630 ms, TE=2.77 ms, inver-
sion time (TT)=900 ms, flip angle=8°, slice thickness=1.2 mm,
field of view=256x256 mm, and number of slices=144]. DTI
data were acquired using axial slices (TR=6,600 mm, TE=95
mm, field of view=256x256 mm, slice thickness=3.3 mm,
and number of slices=49). DTI consisted of 31 gradient imag-
es, including BO volumes with no diffusion sensitization and
30 diffusion-weighted images (b=1,000 s/mm?).

Image analysis
Three-dimensional T1-weighted MRI and DTI images were
saved in the Digital Imaging and Communications in Medi-
cine (DICOM) file format. Cortical reconstruction and vol-
umetric segmentation of the cortex were performed automat-
ically in T1-weighted MRI using the “recon-all” command in
the FreeSurfer 5.3 software package (available at. https://surf-
ernmr.mgh.harvard.edu/). Default settings were used in the
analysis. The processing performed by the “recon-all” com-
mand includes motion correction, normalization, registra-
tion, and white-matter segmentation in T1-weighted MRL.'**'
The DTI files were analyzed using the TRActs Constrained
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by UnderLying Anatomy (TRACULA) tool in FreeSurfer to
automatically reconstruct a set of major white-matter tracts.”
Preprocessing was performed with the “trac-all-prep” com-
mand, which included image correction, intrasubject regis-
tration (DTI to T1-weighted MRI images), intrasubject regis-
tration (T1-weighted MRI images to a template), anatomical
masks and labels, tensor fitting, and anatomical priors. The
image correction process involved correcting for current-in-
duced distortion and movement by high b-value data and the
volume of the object.”?

Pathway reconstruction was then performed and 18 ma-
jor white-matter tracts were extracted: the corpus callosum-
forceps major, corpus callosum—forceps minor, both anteri-
or thalamic radiations (ATRs), and both cingulum-angular
bundles (CABs), cingulum-cingulate gyrus bundles (CCGs),
cortical spinal tracts, ILFs, superior longitudinal fasciculus-
parietal terminations (SLFPs), superior longitudinal fascicu-
lus-temporal terminations (SLFTs), and UNCs (Fig. 1). These
tracts included four related to language: the ILE, SLFP, SLFT,
and UNC. The reconstructed 18 pathways were measured to
obtain DTI scalar values, including the mean values of FA,
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axial diffusivity (AD), mean diffusivity (MD), and radial dif-
fusivity (RD).

The quality of the acquired MRI images was controlled
with the FreeSurfer QA tool (available at. https://surfer.nmr.
mgh.harvard.edu/fswiki/QATools/). This tool was used to as-
sess the quality of the FreeSurfer output. If the signal-to-noise
ratio was lower than 10, the case was excluded. As part of the
DTI preprocessing, the TRACULA tool computed the fol-
lowing four measures related to head motion: average trans-
lation, average rotation, percentage of bad slices, and dropout
score.”* If 25% of the obtained slices were of poor quality, the
case was excluded.

Language tests

REVT-K evaluates the receptive and expressive language
ability and is applicable from the age of 30 months to adult-
hood.” REVT-K assesses the age of lexical development and
displays the differences between the age of lexical develop-
ment and the chronological age. The results consist of SDs
and expressive and receptive lexical developmental ages. TOPS
assesses the skilled language ability by testing logical process-

SLFP

Fig. 1. Imaging view of the 18 reconstructed cerebral tracts in a control subject. A: Coronal view. B: Sagittal view. C: Axial view. D: Three-dimen-
sional view. ATR: anterior thalamic radiation, CAB: cingulum-angular bundle, CCG: cingulum-cingulate-gyrus bundle, CST: cortical spinal tract,
FMAJOR: corpus callosum-forceps major, FMINOR: corpus callosum-forceps minor, ILF: inferior longitudinal fasciculus, SLFP: superior longitudinal
fasciculus—parietal terminations, SLFT: superior longitudinal fasciculus-temporal terminations, UNC: uncinate fasciculus.
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ing, as measured by the Seoul Community Rehabilitation
Center, Republic of Korea.” The patient looks at pictures of
17 scenes, and between 2 and 5 questions are asked about
each picture. The pictures show scenes that are directly or in-
directly related to the usual life of a young child at school, at
home, in a playground, and in a public place. There are 50
questions from the following 3 categories: determining the
cause, making an inference, and predicting. The results of
TOPS are expressed as a score for the three categories, and
reflect the weak and strong points of the patient. MLU-w is a
test of language development that quantifies the utterance of
words,” in which the speech therapist counts the number of
words uttered and calculates the mean value. This study con-
ducted MLU-w for sentences in the TOPS test.

Statistical analyses

All statistical analyses were performed using the SPSS (ver-
sion 24.0, IBM Corp., Armonk, NY, USA). Multivariate anal-
ysis of covariance (MANCOVA) was used to evaluate the
DTI scalar values. MANCOVA is a statistical method for
testing differences among multiple groups according to de-
pendent values with controlling factors. DTT scalar values
were compared between the BECTS and control groups after
controlling for age. The criterion for statistical significance
was set at p<0.003 to account for Bonferroni correction and
the number of tests performed (n=18). The data are present-
ed as mean®SD values, and the effect size was quantified as
partial eta squared (1°). The findings of language tests were
compared between the BECTS and control groups using t-
tests, with statistical significance defined as p<0.05.
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RESULTS

This study included 16 children who were diagnosed with
BECTS in the dominant hemisphere and 16 age-matched
children as controls. Among 155 patients diagnosed with
BECTS, 113 and 4 children were excluded due to MRI with
DTT and language testing not being conducted, respectively.
A further 18 patients were excluded due to neurological de-
fects that could influence DTI, as were 4 patients with BECTS
whose seizure location was not in the dominant hemisphere.

The subjects in the BECTS group were aged 109.6128.3
months (range, 70-175 months), while those in the control
group were aged 108.4125.9 months (range, 75-175 months).
In The EHI revealed right handedness in 10 (62.5%) and
ambidexterity in 6 (37.5%) of the subjects in the BECTS
and control groups, with no cases of left handedness. There
were seven females (31.2%) in the BECTS group and seven
(43.8%) in the control group. There were no significant in-
tergroup differences in the demographic characteristics (Fig.
2, Table 1).

Twelve of the 16 BECTS children had seizure foci in the left
hemisphere, and 5 children had seizure foci in both hemi-
spheres. Immediately after the diagnosis, the BECTS patients
received antiepileptic drugs if indicated, such as in recurrent
cases (Table 2).

Diffusion-tensor magnetic resonance imaging

Among the 18 major white-matter tracts extracted by the
TRACULA tool in FreeSurfer 5.3 software, the language-
related tracts were the SLEP, SLFT, UNC, and ILE In gener-
al, the mean FA corresponds to the inverse proportion of the
mean MD and RD, and in this study the BECTS group ex-

From 2013 to 2016
mild headache (2<NRS)
(n=281)

Exclusion 1 (total=71)
* No MRI (n=50)
« No language test (n=21)

Exclusion disease (total=150)
« Headache associated (n=99)
« Neurological (n=21)

« Psychiatric (n=10)

« Epilepsy (n=20)

A4

Y

Inclusion criteria
(n=60)

’

From 2013 to 2016
diagnosed BECTS
(n=155)
Exclusion 1 (total=135)
«No MRI (n=113) P
« No language test (n=4) N
« Neurology defect (n=18)
Exclusion 2 (total=4)
« No left hemisphere of seizure <
focus in BECTS
BECTS group
(n=16)

Age-matched control group
(n=16)

Fig. 2. Flow chart of the study participants. BECTS: benign epilepsy with centrotemporal spikes, NRS: numeric rating scale.
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tracts, the mean FA, MD, and RD differed between the BECTS
and control groups. In the dominant hemisphere, which is as-
sociated with language, both the SLEP and SLFT showed low
mean FA values, with the difference being significant in the

hibited a lower mean FA and higher mean MD and RD than
controls in the language-related white-matter tracts.
In the dorsal streams, among DTI scalar values of the SLF

Table 1. Demographic characteristics in the two study groups

. BECTS Control Table 2. EEG findings and medications in the benign epilepsy with
Patient ; priep
Age  EHI Age EHI Sex centrotemporal spikes group
(months) (%) (months) (%) Patient EEG finding o
1 00 -30 M 02 -0 F no.  Side Focus kit
2 135 80 M 139 100 M 1 Both Centrotemporal Oxcarbazepine
3 75 90 M 75 90 F 2 Both Centrotemporal Oxcarbazepine
4 175 70 M 175 100 M 3 Left Temporal Valproic acid
5 97 80 M 95 100 M 4 Left Central Lamotrigine
: = 100 b 102 il b 5 Left Temporal None
/ 135 20 F 122 40 F 6 Left Temporal Lamotrigine
s 22 0 i oy £9 : 7 Both Frontotemporal Lamotrigine
9 147 35 F 145 20 M . .
8 Left Centroparietal Lamotrigine
10 96 100 M 100 100 M .
9 Both Centrotemporal Oxcarbazepine
il 88 50 F 83 20 F .
10 Left Centrotemporoparietal None
12 121 90 M 120 100 M ..
1 Left Centrotemporal Lamotrigine
13 99 90 M 105 90 F .
12 Left Centrotemporal Lamotrigine
14 129 90 M 128 60 M
13 Left Centrotemporal None
15 95 -20 F 89 40 M ” Lef T | L =
16 67 40 " 76 50 M " Be th Tempora| Lamotr!g!ne
- - . : . t t
BECTS: benign epilepsy with centrotemporal spikes, EHI: Edinburgh 0 empora amo r!g!ne
Handedness Inventory, F: female, M: male. 16 Left Centrotemporal Lamotrigine
Table 3. Comparison of diffusion-tensor MRI scalar values between the BECTS and control groups
White-matter Dual-loop Mean FA Mean AD Mean MD Mean RD
tract model B n’ p E n? p F n? p F n? p
Lt SLFP Dorsal 854 023 0.01* 0.14 0.00 0.71 526 0.15 0.03* 7.86 0.21 0.01*
Rt SLFP Dorsal 19.76 0.41 <001* 1.17 0.04 0.29 1012 026 <0.01* 18.81 0.39 <0.01*
Lt SLFT Dorsal 34.00 0.54 <0.01" 1.59 0.05 0.22 11.15  0.28 0.02* 10.80 0.27 0.03*
Rt SLFT Dorsal 3.02 0.09 0.09 3.87 0.12 0.06 722 020 0.01* 753 0.21 0.01*
Lt ILF Ventral 2.1 0.07 0.16 0.23 0.01 0.64 1.70  0.06 0.20 2.65 0.08 on
Rt ILF Ventral 0.15 0.01 0.70 2.87 0.09 0.10 239 008 0.13 1.57 0.05 0.22
Lt UNC Ventral 4.79 0.14 0.04* 0.00 0.00 1.00 417 0413 0.05 487 0.14 0.04*
Rt UNC Ventral 1.36 0.04 0.25 2.71 0.09 0N 8.62 023 0.01* 6.78 0.19 0.01*
FMAJOR - 1.31 0.04 0.26 0.72 0.02 0.40 019 001 0.66 0.73 0.02 0.40
FMINOR - 274 009 0.Mm 1.72 0.06 0.20 958 0.25 0.00* 531 0.15 0.03*
Lt ATR - 5.34 0.16 0.03* 1.10 0.04 0.30 14.91 034 <0017 15.13 0.34 <0.01*
Rt ATR - 0.13 0.00 0.72 10.69 027 <0.01* 1473 034 <0017 6.91 0.19 0.01*
Lt CAB - 0.12  0.00 0.73 003  0.00 0.86 005 0.00 0.82 002 000 0.88
Rt CAB - 006  0.00 0.81 012  0.00 0.73 051  0.02 0.48 055  0.02 0.46
Lt CCG - 1.93 0.06 0.18 0.09 0.00 0.76 1.65  0.05 0.21 2.41 0.08 0.13
Rt CCG - 7.76 0.21 0.01* 0.04 000 0.85 794 021 0.01* 12.76 0.31 <0.01*
Lt CST - 0.53 0.02 0.47 9.79 025 <0.01* 206 007 0.16 0.16 0.01 0.69
Rt CST - 0.22 0.01 0.65 2.08 0.07 0.16 131 0.04 0.26 0.26 0.01 0.61

*Significant at p<0.05 (uncorrected), *Significant correlation after Bonferroni correction (p<0.05/18=0.003).
n’: effect size, AD: axial diffusivity, ATR: anterior thalamic radiation, BECTS: benign epilepsy with centrotemporal spikes, CAB: cingulum-angular bundle,
CCG: cingulum-cingulate gyrus bundle, CST: cortical spinal tract, FA: fractional anisotropy, FMAJOR: corpus callosum-forceps major, FMINOR: corpus cal-
losum-forceps minor, ILF: inferior longitudinal fasciculus, Lt: left, MD: mean diffusivity, RD: radial diffusivity, Rt: right, SLFP: superior longitudinal fascicu-
lus-parietal termination, SLFT: superior longitudinal fasciculus-temporal termination, UNC: uncinate fasciculus.
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BECTS group. In addition, the mean FA for the SLFP tract in
the nondominant hemisphere was lower in the BECT'S group
than in the control group. The ventral streams included the
UNC and ILF tracts. The mean FA for the UNC in the domi-
nant hemisphere was significantly lower in the BECTS group
than in the control group. In contrast, the mean MD and RD
for the UNC were high in the BECTS group. Unlike for the
UNCG, these values for the ILF did not differ between the two
groups. Although not included in the dual-loop model, the left
ATR and right CCG also showed a lower mean FA and higher
mean RD in the BECTS group than in the control group (Ta-
ble 3, Fig. 3).

Language tests

The total score for the TOPS language test was lower in the
BECTS group than in the control group (Table 4). Differences
were significant for the making-an-inference and predicting
subcomponents of the TOPS language test. MLU-w of TOPS
and REVT-K was not statistically significant difference.

DISCUSSION

The mean FA of language-related white-matter tracts in the
dual-loop model was lower in the BECTS group than in the
control group, particularly for the SLF and UNC of the dom-
inant hemisphere. The mean RDs for the SLF and UNC were
increased in the BECTS group. The FA of DTI scalar values
expresses the degree of this anisotropic state,”® with a value
closer to 1 indicating a more-anisotropic state in axon fibers
with a specific direction. The present findings therefore sup-
port previous descriptions of the language dysfunction of
BECTS patients.'

The AF is one of the most important language-related
white-matter tracts, and connects the posterior superior tem-
poral gyrus to the inferior frontal gyrus. The SLF is one of
the components of the dorsal stream of the dual-loop model,
and is located in the white matter connecting the temporo-
parietal area to the ipsilateral frontal and opercular areas.”
This tract is subdivided into three major temporoparietal
subareas: the superior parietal lobe, angular gyrus, and su-
pramarginal gyrus.” It has recently been suggested that the
AF is part of the SLE®" Among these three subareas, the su-
pramarginal gyrus is related to the language function of ar-
ticulation.”

FreeSurfer software was used to divide the SLF into the
parietal bundle of the SLFP and the temporal bundle of the
SLFT. The SLFP and SLFT correspond most closely to the
supramarginal gyrus and AF, respectively.” DTI scalar val-
ues were altered in the dominant hemisphere of the SLFT
and SLFP tracts in the BECTS group, indicating a relation
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between BECTS and language dysfunction. Language func-
tion mainly occurs in the left brain hemisphere after later-
alization. It could be inferred that decreases in the mean FA of
language-related white-matter tracts in the dominant hemi-
sphere are associated with lateralization.**

The origin of seizures in BECTS is the Rolandic area locat-
ed around the central sulcus, namely in the precentral and
postcentral gyri of the brain. The SLF and AF are located near
the Rolandic area.”” DTT scalar values of FA have been report-
ed to be decreased in the precentral and postcentral gyri,
which are the foci of seizure activities in BECTS patients." In
the present study, the BECTS group exhibited altered DTI
scalar values with decreased mean FA and increased RD for
the SLFP and SLFT in the dominant hemisphere, which are
the areas related to the seizure focus of BECTS patients. These
findings provide evidence of a correlation between BECTS
and language dysfunction. If seizure activity decreases after
appropriate treatment, resulting in the restoration of lan-
guage ability, the hypothesis could be supported. Hence, fur-
ther studies of DTT changes after treatment in BECTS patient
are needed.

The UNC is a hook-shaped bundle that links the temporal
lobe to the inferior frontal gyrus and frontal lobe, and mainly
constitutes the ventral stream of the dual-loop model.* The
UNC is also located near the Rolandic area. The findings of
a decreased mean FA and increased mean RD for the UNC
in the dominant hemisphere in this study could be relevant
to its location in the brain. The UNC could be damaged by
the spreading seizure activity in BECTS patients. In spite of
not being a language-related white-matter tract, the ATR in
the dominant hemisphere showed the same result for the DTI
scalar value in the language-related white-matter tracts. The
ATR connects anterior and midline nuclear groups of the
thalamus with the frontal lobe. The ATR pathway included
the Rolandic area, which is the seizure focus of BECTS, and so
seizure activity in BECTS patients could influence the ATR.

In addition to seizure activity, the pathophysiology of dis-
ease could result in the alteration of DTT scalar values in
BECTS patients. There are three main causes for FA decreas-
ing in DTT: degradation or congenital abnormalities of the
axonal membrane and myelin, and decreased density of my-
elinated axons.”* Depending on the age at onset and benign
course of BECTS, the cause of BECTS could be related to
maturation impairment of the brain.*® Besides seizure activi-
ty, the decreased FA value in BECTS is most likely due to the
demyelination or decreased density of myelinated axons. Brain
impairment in BECTS could decrease the FA value.

In the dual-loop model, the function of the SLF in language
was phonological processing.* The TOPS language test eval-
uated the logical processing of patients. The decreased FA
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Fig. 3. Comparison of diffusion-tensor MRI scalar values of the 18 major white-matter tracts in the BECTS and control groups. Data indicate group
mean and standard-error values. A: Mean FA of BECTS group was decreased in dorsal stream of language related white-matter-tract. B: There was
no difference between control and BECTS groups in mean AD. C and D: Mean MD and RD of BECTS group were increased in dorsal stream of lan-
guage related white-matter-tract. *Significant at p<0.05 (uncorrected), *Significant correlation after Bonferroni correction (p<0.05/18=0.003). AD:
axial diffusivity, ATR: anterior thalamic radiation, BECTS: benign epilepsy with centrotemporal spikes, CAB: cingulum-angular bundle, CCG: cingu-
FA: fractional anisotropy, FMAJOR: corpus callosum-forceps major, FMINOR: corpus callosum-
left, MD: mean diffusivity, RD: radial diffusivity, Rt: right, SLFP: superior longitudinal fasciculus-

lum-cingulate gyrus bundle, CST: cortical spinal tract,

forceps minor, ILF: inferior longitudinal fasciculus, Lt:

parietal terminations, SLFT: superior longitudinal fasciculus-temporal terminations, UNC: uncinate fasciculus.
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Table 4. Comparison of language test results between the BECTS and
control groups

BECTS (n=16) Control (h=16) p

REVT-K (months)

Receptive 103.81126.58  108.81£1498  0.52
Receptive A 1.69119.03 9.381+18.21 0.25
Expressive 87.50£17.98 90.88£16.33  0.58

Expressive A -8.75+20.68 -10.881+27.79  0.81

TOPS

Determining the cause ~ 10.69t5.12 13941355 0.05
Making an inference 9.25%£5.22 15631330  <0.01*
Predicting 7.88%5.73 11.566£3.67 0.04*
Total 28.441+14.35 41.131£9.47 0.01*
MLU-w of TOPS
Determining the cause 467+2.13 4.69+1.45 097
Making an inference 520+2.88 531£1.40 0.89
Predicting 4.80%+3.14 494+1.73 0.88
Total 4871264 4.940+1.44 093
*Significant at p<0.05.

BECTS: benign epilepsy with centrotemporal spikes, Expressive A: chron-
ological age-expressive age, MLU-w: mean length of utterance in words,
Receptive A: chronological age-receptive age, REVT-K: Korean version of
the Receptive and Expressive Vocabulary Test, TOPS: Test of Problem-
Solving Abilities.

value and decreased TOPS score for the language test in the
BECTS group could imply that BECTS patients have impaired
language function in the SLE A clear correlation between lan-
guage test results and DTI scalar values could make this in-
ference certain, and so further studies of the relationship be-
tween language abilities and DTI scalar values are warranted.

In conclusion, seizure activities are predicted to alter the
language ability of BECTS patients. Furthermore, given the
lower TOPS scores in the BECTS group, the language defects
of BECTS may be more strongly correlated with logical pro-
cessing.

The main limitations of this study were its retrospective
design and the age of the participants meaning that their
brains were in a period of rapid development. A previous study
of the white-matter tracts using DTI found that the dorsal
and ventral streams in the dual-loop model are nearly com-
pletely developed in neonates and at 5 years old, respective-
ly.* The inclusion of school-age subjects could be supple-
mented by matching the age and the period of development
in the dual-loop model. Notwithstanding these limitations, the
results of this study are important since they can be utilized
when evaluating the language abilities of BECTS patients.
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